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Descffptlon 

5 The presmrt inventbn axicerns methods for m^S)rting iha growth of totonc ceSs and trotting (eitamia pafi^nta 
BACKQTOUND OF THE INVEhmON 

LmikerT^ is a noof^astic condition of h^natopoi^ st^ Laxkemic ceSs. or bla^ are gener^ ctasstTied 

10 as hawigemi^tynv^u^ or myxoid dHfererA^ 

and my^^ features. L^jkem^ is atso dass^ied as bdr^ acute or chronic 

Hematopoietic stem c^ df^entiate to give rise to lOTT^nafly" drfterwi&rted cells such as n^itrop^ eryfim- 
cytes. ^el^ and plasma cefis. (See Baj^, a C, Jr., ChE^Jta- 3. The OK^ecuiar Bam of Blood disease 2*^, vyiB, 
Saunder Company. 1994.) Acute laiwt^ resiits frcm the ma^nant transfw rn ation of a tonatopdetfe stem cefl pro- 

is ductng actors of ceOs characterized tsycSswd^ed growth arid maturatk^ The ck)r» has a elective (powth advanta^ 
over normaJ and evettually supplants rK)rmal c^s in the bone marrow. Differentiatkm ts United in the done ceSs 
and celte not maturing may hQ mc^phoksgicalty and fur^rfionaHy 8bm>rnnai. Thus, matitfaticm may be trozen" at an earty 
stage of dev^jpmentwtthnc^malhematopoi^ replaced a mec^ladsm maMng a pmdud that ts b(^ c^jan^aln^ 
and quamativeiy altered. 

20 Acute leukOTva resets in bone marrow faBure and wgan irtfatralion by mafignant leukanntc cefis. (Reviewed 
aRoiffte and ICalter Leukemia. Cfink:al Oncotogy. Ot^to- 28. Eds. V^s. Appleton mtl Lange; NwwaTk Com 
1993.) Thus, biadcfition to adversely affecting hanatopdests.biast& can ^if^ate other or^r^ such as the c^itrdne^^ 
ous system, ekbi. Gver, spleen, or gastrcMestinal tract, ie^i^ to local symptoms or fa^ure. Chror^ ledt^r^ 
dfffws from acute leukerraa by its cmset and fw^onged OKffse. Often chrofw; tettorua is present with few w rw symp- 

^ toms (Reviewed by O'Rourke and l-iatter. Si4>ra.) 

In the piA)lication "Agressive diffuse lynrphc»na coexpresstng NRASj^l and C-ErbB-2 (neu) oncogene fraJucts. 
and CALLA (CD10)" by Imarmra. N. et al.. in Leuken^ and Lyrrphoma. Vol. 4, pp. 419-422. the authws demonstrate 
the overexpression of HER-2 (also C-Erb8-2 or neu) on maG^iant lymfrfioma cells derived from one patient suffwmg 
from agressive diffuse lynrphoma However, no hint regarcfing the overexpresstCMi of HER-2 ot leuken^ cells is given 

^ in this doomr^ 

gUMMARY OF TH^ INYHNTfON 

The ^esait invention identirtes a subset of leukemic celts which excess HER-2 pcKA^t\ on th^ c^t surtaca The 

35 invention features methods for inhibiting tfie growth of such cells and treating leitorta patients by targeting the HER- 
2 fwoteia The HER-2 protein is targeted using different techniques such as usmg anti-HER-2 agents which \rt&^ HER- 
2 protein artivity and the growth of cells expressing HER-2. using an1i-HEFl-2 agwits which bind to HER-2 prot^ and 
kill cells exixesstng HER-2 rn-otetn, and using HER-2 protein btnc£ng ag^its to s^ectiv^ rorme teukar^ cells 
ex(»BSsing HER-2 from normal hematcpoietic cells. 

40 HER-2 protein expression was found on the surface of leukenrsc cells otrtained from patients characterized as hav- 
ing common acute lynr^rfK^lastic leukentia (C-ALL) w chroi^ myelogenous laikemia (CML) &i lyirphoW blast crtees. 
and in Imik^roc cell Ones. All of the leitonrc ceOs expressing HER-2 protein aSeo expressed CD19 wt^ is a siffface 
arrtigen character^c of the B-cdi Gneage. Expression of HER-2 protein in a teitonk: cefi incScates that tfw ^ihanced 
or uncontrolled prdiferatton ctiaracteristtc of the leukemic cell is to sonDe extent cfrfven by HER-2 prot^ ^^tivfty. 

45 HER-2 protein, also know as p185(HER-2). is a receptor tyrosine kiimse fvote^. "HER-2 prote^ expression' re^ 
to an increased amount of HER-2 (»t>te!n chi the cell surface. The incre^ed mm»ffTt is r^ative to that occurring in nmv 
leuken^ hematopc^etic cells. As descrbed in the examples t}^ow, ncme of the non-leuk^c t^matopoietic c^ tested 
had detectable expression of HER-2 protein on their cell surf^. 

ArTti-HER-2 agents are made up of molecules or compounds targeted to cdls express^ htHR-2 (Mtit^ wtuch 

50 eithw irtwbits the growth of. or kills, cells expressing HER-2 pnrtem. C<wnpowids targeted to c^te expressing HER-2 
protein exml a g-eater growth inhMory ^fectw Wffing effect wi a c^ expressir^ HeR-2f^ein than ac^ not express- 
ing HER-2 pwoteia Targetir^ ceBs expressing HER-2 pwotein can be acftieved using cfiffer^rt tecfmk^ies such as using 
agents afc^e to bind to HER-2 protein and/or able to inhM one or more HER-2 protein acSvitjeSw HER-2 proton activities 
are cellular processes mediated or effected by HER-2 protan. Examples of anti-HER-2 ag^its include HER-2 inh^sittng 

55 conrpouncte. anti-HER-2 antlxxlies, anti-HER-2 nudek; acid, and defective HER-2 protein. 

Thus, a ftrst aspect of the fwesent trventiOT features a method for inhibiting proGferatkwi of a leukCTw; ceB express- 
ing HER-2 i^ein. The method can be canied out in vivo cm' in vitro and invoh^ exposing the l^jkemic c^ to a proGf- 
eration inhMing amount of an anti-HER-2 ag^ 
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A *]prc^fferatton inhS>ding amount* of an anthH£R-2 a^nt is an amount df an a^nt wtdch Enhibas the ^owth or 

kBIs. a teuksTKC cea expresstng HER-2 protein to greater extern than ft tnht)tts the ^owtii of, a Mis. a rKXvleukeniic 

hemopc^ettc cell Preferabty. it s an anKMmt wttich conn^etely irtNt^ the growtfi (rf, or 1^ a leutonc expresstng 

HER-2 wtiite havir^ littSe or m) effect on nc^aiksmic hmiopot^ cd]&. 
5 tn a preferred mbocSment. the method is used to treat a patent suff^ng from a HER-2 tettonia &ie B4ym- 

phobtetic Bneaga A "HER-a leukemia'' refm to the presence of leukan^ expressing HER-2 prot^ "B4yrnphob- 

lastic Snage" refers to Bk:^ of varkx^ maturatsonai st^e. 

The development of tt&m cefis to mati^^e B cetts can be characterteed by tf^ aoc^jistlkm and toss al B-llne^ 

pdyp^>tkies. In a preferred emboc&T^ t>e Imikemk; ceS expresses CD10 or CD19. By "expr^ses* In reference to a 
10 pc^ype^^ide is n^ant that the F»^s&ice of the pofypepfkle is detectable on the c^ surface usir^ standard tocf^ik^ues 

such brmrunof tuoreec^Ke staining. 

Anotfier aspect of the present Invention featires an ex vivo method of tr^ng a leukemia paSent having a teitemic 

c^ expres^ng HER-2 prot^a The method tnvt^ves the steps of: (a) removir^ hematopdeic ceOs conta^ng teiken^ 

c^s eoq^ressmg HER-2 frc»n a pati^ (b) expose ttra ceis to a pro6to^ 
15 2 i^ent and (c) retimning the tr^ed hmi^opdet^ c^ to the paS^ Pref^^^. the hematopd^ c^ are 

expanded bef^e t>eing retired to tie patient 

H&natopc^etic ceSs can t>e renraved from, and r^umed to, a patient using standard techmque& Peters. 

Transptantatbn, In: Clinicai Oncok>gy, Chapter 13, Eds. Weiss, Apfrf^ and Lange. ftorwaSt Conn, 1993 (h^eby 

incorporated by reference herein). Preferably, the r^noved celts are erviched for teul^r^ celte of B-lymphobtas^ Bn- 
20 eage prior to uid^goir^treatmert. Enrk:hmenA can be carried u^ an antibody afflr% coh0m wfM 

surfece markers character^ of B-tymphoblastic ^eage. 

Another aspect of the present invention features a m^hod tor fr^t»ig a toi^^^Tua pati&it having a lator^ ceQ 

expresstng HER-2 protem tfy fiftering cHit the leuk^r^ c^s. Rtter^ results in the s^ective r^icval of leukamto ceBs 

expres^ng HER-2 protein from a solutton a^rtairwtg leuken^ c^ and normal fwmatopoietic ceQa As a resiA of such 
25 filtration, the ratio of leuken^ celts expressing HER-2 prc^eto to nomml hmnatopoi^ ceSs decreased and pref^abfy 

an leuk^c cdls expressing HER-2 are elin^nated. 

Selective removal can be earned out using agents which bind to cell si^f^ HER-2 proton bi^ cto ^sfvec^ble 

bind cells not expressing HER-2 protein, SiK^h agerrts include anti-HER-2 oompoimds t»incfing HER-2 protein, natural 

HER-2 proton ligands, and antitxxtles k^xfmg to HER-2 prot^. Preferably, the n^thod is carried out by pessmg 
30 hematopdetic cells conprtsir^ leukemic ceSs throt^h an antibody afT^iity cofunvi contaHng anttecSes bincfing HER- 

2 protein. 

Another aspect of the present invention features an in vfvo meAJttod of tr^ng a pati^ having a leuk&n^ cell 
expressing HER-2 protein. The method involves administers a thOTpeuticaBy effective amount of an anti-HER-2 
agent to the patient 

35 A "therapeuticany effective anrx)unr refers to an amouit which confers an ov^afl b^ieTici^ effect to a pati^ by 
acf^eving one or more or the folkiwing: 1) reduction in the rwrb^ leutonto ceOs; 2) k^S>Skm (^e.. slowing to some 
extent, preferably stopping) of cancer cell inf atratk»i into per^tfieral organs; 3) infMon of leitor^ cell growth, fwefer- 
ably kiDing of leukemic cells; arKi 4) re&eving to some extent one or more symptoms associated with the leukemia 
Preferably, a therapeutic anti-HER-2 agent is acWnistered to a pati^ with a physiologically accep^e canier. A 
40 physiotogtelty acceptable carrier is a formulation to which the agent can be added to dfesdve it or otherwise facilitate 
its ffijministration. Examples of physiofogk^atly acceptable carriers tnc^jde water, stdbie. i:%sfolo^caIly buffered saSne 
and cyctodexlrins. An important tactor in choosing an appropriate physicA)gfcany acceptable carrier is choosing a car- 
rier in which the agent reniatns active or the conri>tnation of tfie carrier and tfie agerrt produces an active ag^ 

ArKther aspect of the pres^ invention features a method for detenr^ng whe^^ a pati^ fms a l^kemia char- 
ts acterized by the cell surf^e expression of HER-2 prot^. The method involves the step of provic&s a HER-2 t^ncSng 
agent to henKspoietic celte contaimng t^iken^ c^s and measi^-ing tfie txncSr^ erf the agent to tfte leukemic For 
exampla bone manow ce^ can be removed from a leukemia patient ccvitacted an anti-HER-2 antSxxfy, and tm^ 
ing of the antSxxjy to a leuken^c cell express^ HER-2 protein can be measured. 

Another aspect of ttie present invernion featiB^ a metfKxJ for ctetermming wftetiter a patier^ has a leUcerr^ wHch 
so is driven by HER-2 proten activity. The nwthod involves the Steps of: (a) obtaining laikenuc celte from a paii^; (b) 
expo^ng the cells to a cell prc^if^ation ir^tbitmg anKXxnt erf an anti-HER-2 and (c) measLmr^ the growth ol 
treated ceils. 

Thus, ttie present inventfon aifows for the freatmerti of l^kerrsa klemifying a therG^)^itfo target site: HER-2 pro- 
t^ Prior to td&nifyir^ the ^eserK:e of HER-2 proton expressfon in a leukemic cell it was not known tftat ttie growth 
55 of such cells coUdt>e inhibited t>y targeting HER-2 |m)tda 

Other features and advantages of the inv^itfon wiU be apparent from tfie foffowir^ description of the preferred 
embocftnr^nts thereof, and frcmi the claims. 
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DETAILED DESCRtPTlON OF THE INVENTION 

The present invention Enks HER-2 protein expresskin to certain classes o# feukmc ce& and, ttwety. aikMvs tor 
targetbig of HER-2 jmA&n to bihibtt the giowth of such and to treat leuk^nia pati^tta HER-2 pr(Aan suitee 

5 eocpreseion and H E R-2 m R NA exf^essksn were exsuTimd in cSfTerent MutSng teitorac ce^ oteined from leuke- 
mto patief^ and henuttc^x^etic c^is otrtained from t^aHt^ patients. 

HER-2 |»^otein expresskxi was d^ected tn Gonrie leticmk: btasts of me B4^^ 
normdceOsof hematopoietic ori^ HE R-2 mRNA expression was found in normal per^iheralbtoodmonora^ 
bone marrow ceOs. and a3 of the teukenik: cells and cdl6ne6te^ed.H^^ expressing HER-2 prote&i stowed 

10 a pronounoed inaease tn HER-2 ml^stA conrpa^ed to normal ceBs as measirod by semH|uar^itative PGR anafy^ 
These resutts demonstrate that H£R*2 ^cA^ rs a l^ikemtc-specTK: ceil surface marker wtM is not found on btood 
c^ from healthy donors. 

I, L£UKEMK; cells expressing H£R-2 PRQTilN 

IS 

Difte-ent types of leiicOTic cells ©(fw^ess^ HER-2 ptrtefai c^i be ktentifted and treated by targrtbig HER-2 pro- 
tein. Letdcarvc celte expressing HER-2 prote^ can be identtfied usmg standard techr^c^ies such as by expwing the 
ceOs to an antixxly recognizing HER-2 prot»n. HER-2 leuken^ cefls identified, ttius far. are of ttw B4ynphobtastic lin- 
eage as deterrn^ed by the presses of CD1 9 and bi nrK)st cases atso GDI 0. B-tyrnphobia^ 
20 tif i ed by characteristic antigens and usmg standard classrK:ation sch^es . See. Mitus and Rosenthal. Achjit Leuketr^a ; 
In: American Society Textbook of ClintcaJ Oncotogy, ch^er 30. Eds. Holleb^ Rr*. and Muxphf, Amwican society Irwx 
1 991 ; and Pin and Rivera. Infant Leukemia; In: American Soaety Textfxx>fc of Clinical Oncology, cha^rter 31 . Eds. hteri- 
leb. FffiK and ^^rphy. Amerfcan Society Inc. 1991;. 

25 A, H^R-^ Prgtgin Aglivity 

The HER-2 protein is a mentier of the dass I receptor tyroskie kinase (RTK) famOy. >&rden and USrich. Annu. Rbv, 
Bk)Chem. 57:443. 1988; Ullrich and Schlessir^er. Cell 61.203. 1990. HER-2 protein is strudurafly r^ated to BOF-H, 
p180(HER-3). and p180(HER-4). Carraway. etaJ., Cdl 78:5, 1994; Canaway. etal., J, Biol Ctwm 2^:14303. 1994. 

30 These recejrtOTS Share a conrimon molecular arcWteclure and omtain 

ctomakis and structurally related enzymatk: regkms withm Vtimr cytor^sntic domarts. 

Activatfon of HER-2 (xotein can be caused by different events such as Ggand-stiiTuilated hcMTKx&nerizattc^. E^and- 
etimiiated het^o-dimerization and I'^and-tndependent homoKSmerization. Ugand-stimiMed hetwo-dimerizatit^ 
appem to be induced by EGF-R to km EQF-R/HER-2 conr^exes and by nai cmfa-entiation factor/herefi^Sn 

35 (NDF/HTO) to form HER-2/HER-3 and/or HER-2/HER-4 complexes. Wada et a/.. Cell 67:1339, 1990; SfikowsW et a/., 
J. Biol. Ctiem, 269:14661. 1994; Plowman etal.. Nature 266:473, 1993. Ligand-dependent wrfivation of HER-2 protOT 
is tha^ to be mediated by neu-activating factor (NAF) which can drectiy bind to p185(HER-2) and stinwdate enzy- 
matic activity. DougaH etal,. Oncogene 9:2109. 1994; Samata etal.. Proa Natl. Acad. Sci. USA91:MU, 1994. Li^nd- 
indepwxtent honwHjim^zaticm of HER-2 prrtein and resufting receptw activatkm \s facBitated ovw-expression of 

40 HER-2 protein. 

Receptor tyroane kinases are involved in varfous ceSular siting pathways. Receptor phosphorylation stfrmiates 
a phy^xd association of the activated receptor with target molecules. Receptor tyrosme Kmase mtetrates and ads^stor 
proteins (also Irow as docking proteins) are both involved In signal transduction from an activated recef^ tyrosine 
kinase A receptor tyrosine kinase subsfrate is phosj^rorylated by ttie receptor tyrosine kinase and can then act on 
45 anotit^ ceSiMr F^otan. An ad^nor f^otein. such as Gft>-2. t)Ms a receptor tyroskie kinase and to anotlw 
hei^to€K:tivatetfie other f^otein. Substrates arid adaptta- protons typkafly bind to receptor tyixi^s^ 
and SH3 domains. Pawson and Schlessinger. Cunent Biology 3:434. 1993. 

HER-2 protein substrates are acted upon by activated HER-2 cwrplexes such as HER-2/E<^-R. I-ER-2/HER-2. 
HER-2/HER-3. and HER-2/HER-4 activated complexes. An activated HER-2 complex acts as a frfiosf^iokmase and 
so phosphorytates differ^ cytq3lasmic proteins. Exan^es of HER-2 sii>strates include, IP3 kinase smxi PI 4-kinase. 
Scott ef al., Journal of Biological Chem^try 22: 1 4300. 1 991 . 

HER-2 acteptor proteins bind to an activated HER-2 comfrfex and then another iwotein. For example. GRB-7 bind- 
ing to a HER-2 complex may l>e sufficient to initiate the GRB-7 signaln^ pathway without phospT^jryiatioa Stein et ai., 
Efi4BOJoumal13:^Z3^, 1993. 

55 Thus, HER-2 proton activities irKlude: (1) phosphwylation of HER-2 protein. HER-3 fxotern w HER-4 proteffi; (2) 
phospfwylatton of a HER-2 protein substrate; (3) interaction with a HER-2 adapt©- (xotein; and/or (4) HER-2 protein 
sitffa;e expresswn. Anti-HER-2 agents preferably bind HER-2 protein and ir^Ms one or more HER-2 prolOT activities 
and/or causes leukemic ceil death. 



4 



EP0711565B1 



Adc£tk)nal HER*2 protein activities can be kientited [ssmg standard t8Chnk|ue& For ocanpt . a par^ agods5c 
nrKjnodona] anttbcdy recogmzing HER-2 prot^ can t>e used to ac6vate HBH-Z prot^ and examine signal transcto- 
tk»nof HEI^2 proton Scott ail. Journa/c^SAQtogi^ 1991. 

5 B. Ovef-Expresskm of me Gene EncocBno KCER-2 orc^em 

Ow-expr ession of ttra gem enco(£ng KER-2 pro^ be&\ &tked to rreoplastic tran si bfi natioi ^ k\ <SS9&n 
ce^ by <Mm&yi tnvest^tors. Slaxrm et a/.. Sconce 244:707. 1989. examir^ the correlation b^ween H£R-2/neu 
and breast and ovarian carctnorria, and also examined procedures i£ed to rr^as^ Aoccvdif^ to Sla- 

10 mon: 

The HE R-2/net/ proto-oncogero is amp^ed ^ 25 to 30 f^rcent of human prmwy txeast cancOT and tWs altera- 
tion is associated witfi disease behavior, in tf^ report severe sMarities were found in tfre biotogy of HE ^rZJneu in 
breast and ov£ffiancanc^. inducing a sin^ incidence of anpGficatk^ correla^ betwem airpm^atkn and 

over-eKpresstoa evkiaKe of tumors in which ov^expresskm 

15 g^an^onandcSr^cHitcoiTie. AcoriY^-^ia^vestudyoftheg^anditeF^oc^^ 

tarwously preformed on a large number of both timior types. Th^ ar^tysis id&ttirted sev^ potentid shorte om uigs of 
the variojs methods used to evaluate HER-2/r^ in tiiese cSseases (Soutfwn. hksrthem. luid Western Wc^ and 
immunc^ochemistry) and f^ovided information re^ftfing consid^ations that shoi^ be addressed when ^udy^ a 
gene or g^e proc&ict in human tissua The data pressed further »4>port the conc^ that the HER-2/r^ gene may 

20 be involved tfi^epathogeneste of sonwhtmian cancers. 

Scott ef a/.. Journal of Bk)k)gicat Chemistry 22:14300, 1991. exarr^ned pi e5(HE R-2) sign^ transcfcicfon In breast 
cancer ceQ& in discussing work done in the field Scott ef a/ asserts: 

Amr^^katkm and/or overexpresston of HER-2/nety has been detected in ^strcnntestinal, nonsmaB ceQ lung, arvi 
ovarian adenocardncm)^ and occurs in a stgnif carrt fractton of primary tuiman t>reast cancm where it corr^es wHh 

^ re^cralfy advwed cfssease, inaeased probabUty of Iwm recurrence, and reduced pati^ simm^ (CHafons on^- 
ted). 

Shepaidefa/., J. dinicai Immunology /7:117. 1991,at&oref^todink:aland6xperimernalevkS^!cesiwortir)garole 
for overexpression of HER-2 protooncogene in the progres^n of human breast ovarian, and ncm-smaQ cell timg car- 
cinoma. 

30 

ILANTI-ffiR-^Ag^NTS 

Targeting of anti-HER-2 agents to ceils expressing HER-2 protein can be achieved by targeting HER-2 prot^ itseH 
or one or mwe HER-2 protein activities. Anti-HER-2 agents are elective lor HER-2 expressing c^te in that they either 

3S kill or inWt cellular growth of HER-2 expressing cells to a greater extent ttian they affect equivalent c^ls rvc/t expressing 
HER-2 protein. Equivalent cells are nwvleukemk; hematopwetk; cefe. Preferably, the effect on HER-2 expressing cdl 
is at least 10 foki greater than on equval^ celts, more pr^rably at least 1(K) fc^ ^eat^. more pref^E^ at least 
1 .0(K) foti greater, at one or more concentratk>n of an anti-HER-2 agent The magnitude of an ^fect can be measured 
using standard technkjues such as by measiffing the ctose required to achieve 50% ^owth int^wi w Wing. 

40 Anti-HER-2 agents include HER-2 inM^ting conpouncte, anti-HER-2 antlxxfies. fflTti-HER-2 nudek: ackt and 
defective HER-2 proleki. lnKbitk)n of HER-2 protem activities can be assayed by measurfftg the ^fect of a HER-2 pro- 
tein a^)nist on ceQular processes in the presence and abs^Ke of an anti-HER-2 ag^ k^ttxting growth of leitemte 
c^ e«pressing HER-2 proton can be assayed usktg standard techniques such as by nneasu^ 
in tfie presence and at>sence of an anti-HER-2 ag^ The anK)untof kOEng can t>e assayed using standard techrec^tes 

45 to nreasure c^ death such as using an MTT assay as descra)ed by Mossman J. IrrvwnoL Methods 65:55-63 (1983), 
and by m^isuring the anx)um of LDH released (Korzei^ew^ and CaSewa«rt d ImmunoL Methoc^ 64:313 (1983); 
Decker and UrfOTiar^Matlhes. J, ImmunoL Methods 1 15:61 (1988). 

A.AptHHER-2 NMpl^Ap^ 

so 

Anti-HER-2 nucleic add inhibits HER-2 proton activity by either inJ^wting pM'oductk)n <rf protein involved in wie or 
more HER-2 proten activities or throi^ \he prodiK^wi of a defective HER-2 p^aa Examples of protein btvolved m 
HER-2 activity include the HER-2 protein itself. HER-2 substrates, and HER-2 adaptor prcrteina 

Diff^ent types of nud^ ackte can be deigned to 'witv^ HER-2 protein prodtK;tk>n. For example. anti-HER-2 o6- 
55 gonudeotides can be deseed to act through an arrti-s^ise mediamsm or as a ribozynra to (N'everrt prot&n productton 
from nud^c add encocfing HER-2. Such oligonircleotkJes can be deagned to ccmtain a mxHeic add re^on perfecfly 
corrplenr^ntary to a nucleic add sequence encoding HER-2 prot^ to albw for targeting of HER-2 (votein activity. 

Antisense ol^oniK:leotid^ can t^bridize t a target RNA, such as mRNA. and inhajit protein productiwi from that 
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RNA. Antf-s^Yse o&^snudeotides may function by a variety of mechanisms. Proposed mechanisms include forming a 
DNA:RNA substrate ceSUar RN^ K hybrkfizatson d an anfeense oligonudeo&te to nascent mF^ teac&ig to 
premature transcriptitxi t^ninatkm and int^f^ing mRNA fMt>c66sing by hybridziiHi to a pre*mRNA tntrorVexon 
iunc&on, Hdene. C. and Toufme, J. Biochtmtca et Biophysica Acta 1049:99 (1990). and LMmann, E. and Peyman. A. 
5 Ciwn^ Reviews 90:543 {^990i), 

B. Antl-HER-2 Compounds 

Compounds able to tnhObtt HER-2 protesi activity are iTOwn For example; Qazit ef ait. Jt Med, Chem. 

10 34:1896-1907 (1991) and Gazrt ef a/.. J. Med Chem ^3556^564 (1993), desote oompotffids cdbEe to hmA HER- 
2 protein activity. In ^e later ar^e, Gazit ef al descr&es tyrphosSns having a 5-ary1 suK^tuent in the 5 po^on and 
asserts: 

We fold that these compoimds are pot^ btockers of EGFR kinase and its homolog HER-2 kinasa triterestin(^^ 
we find that c^tain S-aryttyrphostins dIscrMtate betwreen ECFR and KER-2 kinase ^ favor di ^ HER-2 Knase 
iS doma^ by almost 2 ord^ of magnitude. Wh^ exanBi^ in ffitact ce& it was foimd that ftiese s^cfive S-aryttyr- 
phostms are ec^ipotmrt In inhU^ EGF dependent F»'oftferatk)n of NIH 3T3 hartxiring eitha- the EC^ receptee or the 
cNmera EGFAieu HER-1-2. 

Osherov et a/., Joumai BiologicaJ Chemistry ^S9:11134, 1993, menfiorts Ihe developnmt of two grotif^ of tyr- 
phostins: 

20 one is s^ective in inh^xting HER-1 [EOF] as compared with HER-2 kmase activity, and tire other highly 
sdective in ^^^)iting HER-2 activity ocmpared witi HER-1 kinase ^rtivity 

Other anti-HER-2 conpounds can be coined by measi^ing the c^ity of con^x>uncte to tn^^ HER-2 prot^ activity 
and the growdi of leukemic cells expressir^ HER-2 pn^em. 

2S C. Anti-HER-2anta>odies 

AnfbocSes able to bind HER-2 protein can be used to inh2»t the growth d cells esqpressing HER-2 protein in differ- 
ent ways incUxfing the modulation of HER-2 activity and targeting of toxic nvM^ies to a ced expressir^ HER-2 i^a'a 
For example, monockxiat antbocSes with specif ictty for HER-2 protein having ser^^or^tk; activiti^ can be used to 
$0 ivihStiiX the growth of leukemk; cells expressing HER-2 protein. The firotkmal properties of semi-agorttstic antbodes dif- 
f^ from that of natural ligarxts by ^eir at>ility to cmise incomplete £»:tivattcffi of the c^idar signaling cascada 

Anta)0die8 ^e to act as antt-HER-2 agents wtich may work mocking HER-2 activity are descrt>ed by 
Hudziak etaf., Mol. Ceil Biol. 9:1165, 1989; Sarup ef a/.. Grow^ Re^^lation 7:71, 1991; and Sr^>^ ef a/., d dinical 
Immunology r 7:11 7, 1991 . Shepard et al., describes the production of antibodies whk:h recogdze HER-2 protein and 
35 not EQF-R. SiK:h ant&odies are pref^ed for therapei^ in vivo uses because EGF-R closely rdated to HER-2 pro- 
tan and is expressed at ^evated lev^s in nuiH^e tissues. 

Antftxxites can also t>e used as binding a^nts targeted to HER-2 to fac^to cell death. Exam^es of toxins which 
can be con^jgated to ^itixxlies include gelonin. rictn, and shig^ta toxin, diphtheria toxbi and Pseudomonas exotoxin 
A. Toxins can be conjugated to antbodies u^ng standard tecfvik;ues. CMsnes ef a/. . Immunology Today 70:291 , 1989. 

40 

D. Defective HER-2 protein 

Defective HER-2 proteins are signaltr^ irKompetent d^ivatives of a HER-2 proteki. Fcmnation of a HER-2 complex 
involving a siting incompetent HER-2 |:K0tein l^ds to the formatiai of a defedive ccxrplex havk^g reduced HER-2 
45 prot^ activities. 

Defective HER-2 protein contain one or mc^e amino add mutatkKi resisting in a mutated HER-2 proton whk:h can 
irtf^ one or more activrties of a HER-2 complex. Airt^ acid mutatkms include adcfitkms. deletk>ns and substitutions. 
Exanrples of mutatkms resuitmg in defective HER-2 protein Ir^^bde tttose wttk:h ff^M receptor p^xxsphorytatkm or 
bincfing to a substrate an adaptor molecide. Defective HER-2 prot^ can biNbit receptor activity in drffer&it ways 
so such as t>y partictpatif^ in receptee dimerization with a fuKtioning HER-2 proton aivl irM»ting rec^j/tor pN>spfK)ryta- 
tk)n. 

III. Thwap^itk: use 

55 Anti-HER-2 agents can t>e used th&^>^jticany to treat a pati^ having leuk&nic c^ expres^r>g HER-2 proteia 
A "patient" ref^ to a human havir^ leuken^c c^ expressing HER-2 prot^. Patients can t>e cfi^rx>sed as fiavir^ 
leukemia using standard medical techniques. Leuk^c celts from such patients can be tested to d^emvne wh^er 
the leuken^c ceils express HER-2 protein. Patients having leukemic ceite expressirig HER-2 protein can then be treated 
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in vivo or ex vivo. FactorB influ^Kangtheiffieofcfiffereritthemp^ilicoTnpoi^^ 

ttsdcHy and the inpact of pal}^ parameters ar krxm ffi the art GoocbTt£m arid QSrn^, TtW P/iaTn^^ 

of Therapeutics, hAcMSSan Publishing Ca. tn& York 1^; F^mington^ Pharmaceuticaf Sdence 1^ ed. htesk 

Pubt^ng Conrp£my. E^ton, Pena, 1980. 

5 

A. Con nb<rtatton "nr^tm^ 

Anti-HER-2 agents can be used alone, bi cont>aia^ wr^ other anti*HiR-2 agents of the sfflDe or cSffa^ type, 
and In combinalkm wiUi ott^ types tmikenft^ treatments. NA^khs ciflerenl types of cetera} freatn^nts are cmr^niy 

10 used to treat different types of teuk^r^ patt^rts. These g^t^ treatn^nts are based on ^ leitonia type and do rtoH 
spec^icaBy target KER-2 prole^. 

for Gxanple. c^fer^ chOTO^erapeutic ag&its are used to treat cfifferent types of EeuKamia. O'Rourka and Kafter 
Leukema, tn: ClifmaS Oncobgy, Ecte. W^ss. Appfeton and L^a; Nomv^ Corrn* 1993; ^tus e^id Ros^^ial. 
Leukemia, bi: American Society Textbook oi CBnic^ OKOiogy, chapter 30. Eds. KtoOebi Fmk, and Mi^phy; said Pia smd 

IS Rivera. Infam Leukemia, In: American Society Texttx)ok of CBnk:aJ OrKOiogy, chapter 31 , Eds. Hoftetx and hto* 
phy;. Examf^ of c^emotherapmitk; agents inducte tr^tm&it of AML using daunorubccm, cyt^abine (Ara-C). dQxon^ 
tsidn, amsacrtne. mitoxantrone. etoposide (VP- 16). tNo^iarmie. m^captoptmne. and azacytk&te; ^eatm^ ALL 
ixsk^ vincristme. predr^sone. doxc^utnctn and aspar^iase; treatment of Cf^ usb^ busutfan and hydroxyia'ea; and 
treatment of CLL using chlorambucil arxj cyckiphos^^iamida MS^ona\ treatnw^ bidude use of al^pha-mt^eron. 

20 bone marrow transplantation and transp^ntetion of peri(^i^ bkxxS or unrts^cal cord bkxxl stem cefl& 

An exaiT^e of a comt^tkm treatment invotv^ transplantaton is mitc^ogous bone marrow trans(^an^atk>n used 
in oor^irrction with arrti-HER-a agents. The treatnr^ccHid be carried cnit i^ng the foSowtng 8te(»: 1) perij^^)^ btood 
ce&s or bone marrow celts are removed from a patient; 2) the r^noved c^ are treated with a pt^leratkMi irM)itnig 
amount of an anti-HER-2 ag^; 3) the patient is irradiated to kill lajkemk; celts not removed; and 4) tfie treated ce& 

25 are retumed to the patient. The treated celts can be exp^ed prior to beir^ returned to Ihe patiert. 

Autologous bone manow transplant can also be used in conjunc&^n with anti-HER-2 bincfing agents For examr^. 
an antax)dy wtuch t>inds HER-2 can be used to fOter out leid^mrBC ceHs expresstr^ HER-2 from hen^ttopoietic cetls. The 
fiftered hen^opoietic celts are retumed to an irradiated pati^. 

50 B. in Vh/o Tr^tment of Leukemia 

Patients can t>e treated in vivo using a therapeutk:alty effective amcHint of an anti-hCR-2 agent The dtxjs^ anti- 
HER-2 agent should not cause side effects whk:h woiid be regarded as rvA tdercdble to a pati^ Propa- adnMstration 
of an anti-HER-2 agent brings the agent into contact with leukemk; celts expressing HER-2 protein in a sufTident 
35 amotmt to exert a therapeutk; effect 

The cfK>sen method of administration shoukj take Into account factors affecting the r»x:per fcincttorong of the agent 
such as the type of anli-HER-2 agent, the type of patient, and the cfeease condftk)a Agents ex^tmg thdr effect inskto 
a cell such as anti-HER-2 ruidetc ackJ need to be trartsported into the cell. 

Anti-HER-2 agents can t>e adn^nist^ed by dtf^mtt routes rrKrfuc&ig Wavenous, kttrap&ftotmA, intranasal. 
40 intrathecal, ophthalmk;. sutx:utaneoi^ intranuiscuiar. oral, tof^. and transmucoosal. Standard dn^ d^very v^tides 
are availal^e tor different types of CKirrarsstration. There may be advantages to a particular route of a di n inistiati on for a 
particular agent, patient and disease. 

De&very routes such as Intravenous, intraperitCKieal. tntrtm^al, intrattiecaJ. of^rthaSmic, subcutaneous, Intramus- 
cidar. oral, and transrraKxosal can be chosen to alksw for systmnic mteorptioa Systen^ adsorptton resists in ag^ 
45 accumulation in the btood stream followed by d^trftxrik^ throu^iout the body. 

Anti-HEB-2 ag^its can be administered to a pati&^ by itself, or in a phsmm^eutx^J composftfon comprtskig tfie 
active corrpcHind and a carria- or exc^^ Canim or excipi&tts can be used to fadlitato mAi ia t ist i aU uii of arrti-HER* 
2 ag^its For example, carriers or exc^^^rts sudi as calctum cartx)nate, cafotum phosphate, varkxffi su^rs or types 
of starch, ceQufose derivatives, gelatin, vegetable oite, pdyethytaie glyods and (^lysidogkxdly ocmrpa1t>le soh/ertts can 
so be use to increase the solubility of an anti-HER-2 oonnpcMmd. 

Anti-HER-2 nudek; ackJ can be introduced into a c^ using standard techrw^ues such as those involv^ a retroviral 
vectcv. ion paired mdeo^es. covalerttiy attached adducts and %x)somes. Mposonr^ are hdtow spf^k:al vesides com- 
posed d lipids arranged in a similar fashkm as those I'^xds making up tiie cell nrt^nbrane They have an ir^emal aque- 
ous space for entr^ing water sduble compouncte and range m size from 0.05 to sev^ micros in dameter. 
55 Uposcmies offer several advantages including increased tntracelli^ etalTi&ty and imreased uptake efficiency. AdcStion* 
ally, antaxxlies can be attached to liposomes to t^get partioto ceSs, such as cells expressing HER-2 prol^. 

Dn^ delivery vehides can be designed to serve as a stow relecse res^vo^, or to d^er their cedents cfirectiy to 
the target cell. An advantage of using dired delivery drug vehk:les is that mdtiple molecules are delivered p^ uptake. 
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&jch vohides inctBase ^ drcuia&)n half 4ife of dn^ 

Exanptes of 8tK:h specialized dri^ cteOvery veHdes ar liposomes, f^c^og^ cyctodextrins, biodegrad^bla 

sules. and bioadhesive microspheres. 

E^fferOTt treatmait reggnes may be used to a d utii^bte r anti44ER-2 agente, suchasfrec^jentGrmadadydosesora 
5 few targe daily dosea Small daily doses can be acMntstered. for exan^^ 

tnol 9tQ l&me int^val or achieve conSniKH^ acMntetralioa Suitable pm%JS are convrrarc^ aval^ble (e,g„ the 

AL2ET^ punrp sold by Alza corporatoi. and the BABD antxiatory PCA puirp by Baid Mec^ystems) . 

The proper ctosage d^>en(te cm various fiactofs such as ttre type of d^ease b^ig treated, the partteuiar oompoGi- 

tbn being i^ed. and the ^e and (^iysk>lo{^ ooncfition of ^ patont The (te9y <k>se cH an mTti-H£R-2 oompoiffid is 
10 expected to be between 1 to 2.000 mgAiay. preferably 1 to 250 mgAiay^ and irost prefier^bfy 10 to 150 mg/day. Conv 

pounds can be ddiv^ed less frequently prov^ed plasne levete of ^ active rmetf are sufndertt to m^itam ^erspm^ 

He effectlvwesSw 

Assays can be carried o^A to n^asure ^e abti^ of <fif^^ doses d an ^erA to reach a target tocatkm and ateo 
tonrn^etheabSityofttte agent to enter a cell. Effkacy and cytotcxicHy can tt^ be tested. "R&dcity not only irK:h^ 
15 c^ vtebility but atso ceS fufK:tioa Uptake ^ucfies inchxie uptake ass^ to evaluate cdMar nucteic ackj and protebi 
uptake. Uf^ake stucHes can also be used to det^ntine ^e mtraceSulso' kx»&zatk)n of the ag^ foSow^ ufAake. ulti- 
mately e^abtisl^ng the requirements for maintenance of steady-state concentrations wiM the ce&dar compartment 
contamlng the target sequence (imleus axtUor cytoplasm). Assrys are preferably frst canied out usbg anknal models 
prior to use in humar^ 

20 

C. Syv7WTr^^rtm?mof Im gy HOTfa 

Preferred ex vivo treatments invc^e renovat of cdls or tissues ccmtainir^ leukemic blasts from a patent treatir^ 
the removed c^s or tissues using an mTti-HER-2 agent and^a a HER-2 bindmg agent, and retiflTiIng me treated c^ 
25 or tissues back to the patient IHemopotetic celts can be removed from a pati&tt usbig standaid teclmiques such as leu* 
kajrfieresis and withdrawal of t>one marrow cells. Peters, Transplantation, fen: CUrncs^ Oncology, Chapta- 13, Eda 
Weiss. ApF^eton and Unge. NkMwalk Coin. 1993. Anti-HER-2 agwrts are used to sdectiv^y irttM proli^atoi of the 
leukentic cells. HER-2 tHnding agent are used to fiter out HER-2 protein expressing ceSs. 

Wh^ ami-HER-2 agents are used, hemopoietk; celte of me B-tympfrablastic Onage are prefeably purrted to some 
30 extent to using the anti-HER-2 agent Rn-exanY^e. artta}odiestoCD 19 can be used to a^ 
ncatk)n. 

IhesT are t>enef its and drawi^acks to ex vivo treatm^ compared to in vivo treatment For ex^r^e, an advantage 
of ex vfvt) treatment is that HER-2 leuken^ is directly exposed to Ihe anti-HER-2 agent. As a resiA of direct exposure, 
coi^eratkms such rnetabo&sm of the agem in me body, transport of the agent through the b^ 
35 side ^fects to healthy organs are cfinwifehed. Some dis^fvantages of ex ww treatn^ r^uSi from it being a more inva- 
sive procec&jre requiring removal of c^ from a patient, return of me ce0s to a patient and only removed cefls wiD be 
directly exposed to me agent 

The use of ex vivo treatm^ expaxte me techniques avail^e to introduce anti-HER-2 agents into a ceO. For 
exanple, technkjues such as electroporatkjn can be used to tntrodiK» nixrlek: add arto c^ rOTOved from a body. 

40 

D. nitennq of leukemic Cells Expressino HER-2 Protein 

The present inventfon also provWes for treating patiwits havir^ leukemfc c^ expressfrig HER-2 prot^ by fitekig 
out me leitonrBa cells expressir^ HER-2 protein using HER-2 binding agenta HER-2 t^vfir^ agents bind to HER-2 

45 prot^ to a greater extern than mey bind to om^c^ surface rnark^ Prel^ably, the bin^ 

ing HER-2 at least 100 fold greater, mcx-e preferably at least 1.000 peats', than tl^ bind cells ncA expressing HER-2 
protem. Mod preferatdy. me tHnding agent txnds c^s expresshig HER-2 prote^ and ctoes not appreciable birxl ce^ 
not es^es^ng HER-2 protein. 

Pr^^ed tending agents are inmmoglobdins targeted to HER-2 prot^. The imnnmoglobuSn may t>e a mono- 

50 ck)nalorpc^cfonalantax)d}esandrT^con^F^tsewholeantftxxfiesorm^ 

bodies such as F^g^y F^^y or {F^)2^ Technic^jes to F^xxkice antaxxfies tffl^etir^ l-ER-2 protebi are krK3wn m me art 
Scott ef a/.. Journal of Biological Chemstry 22AA:3i30, 1991; Shefm6 et aJ., J. cGrmal Inmnjnotogy 77:117, 1991; see 
aJEso Example 1, infra. 

Less pwefened ex vivo treatm^its target B-ceQ mark^ FKesent m cof^unctkm wim HER-2 proteia These less pre- 
ss f^ed treatments target B-cell rrarkers such as CD19. A drawback to thfe type of treatn^ is that it is not spec^ic for 
just HER-2 protein expressing cells. 

Filtration of leuken^ cells expressing HER-2 protem can t>e canied out usir^ standaid tedtnk^ies, such as usir^ 
an antibody affinity column, usix^ immunoKisorptkMi. and using antibocfies conjugated to nrw^retic beads. FBtratton 
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treatment preferabfy carried out renravt^ 

from a patiertt. pas^ng ttie cefls through an antibody affindy column wNch Inids protein, and remtrodudng tm 
flered h^natopdetic ceOs into ^ patient If needed, r&noved he m a topoietic cdis can tmd&go nummus rouncte of 
f^ralion. 

5 The fStratkHi method can t>e used as part of a treatm^reg^btvoMiigmT^ 

^>et^ techr^ii^ For examfrie. gen^ c^Tiolherapeufe agents can be acMn^ered to paints who have uncter- 
gone ftftra^ treatment and fat wed c^ can be returned to pafierte wtK> have undergorra racfo&sn treatment 

10 

Examples are provkled bdow to i&istrate differ^ aspects and embocSments of me preset inventioa These 
exarr^r^ are not intended in any way to IMt the (fisdosed invention. 

Example 1: HER-2 Protetn Emessk ^ In Pati^ 

IS 

Normal hematopdetic ceils and Imikemlc ceOs wwe tested for HER-2 protem exj^^ssion i^brg arttSxx^ tarred 
to HER-2 protein, hk^mal hwnatopcri^k; ceQs and leukwrvc ceOs w^e ofc^a^ firom Hant 18) and (> 18) 
pafienta Some leukai^ c^ expressed HER-2 prrtea^ wt^ none <rf the normaJ henn^^ 
2prot^. NOTeofmelwikemiasamfrfes expressed EGF-R as determined using standard tectro^invoMng cmanti- 
20 body bincfing to EGF-R. The procediffes used to measure HER-2 protein express^ (M^^tels and Methods) fflxJ 
results of these experin^tts are descr9>ed below. 

Maiefiate and Methods 
25 AntSxxHes 

Antlxxlies to HER-2 protein, and ce9 surface ant^wis wwe produced us^ standard techrtic^ies or obt^ned from 
commercial sources. The foOowing nfx>noclonal antibodies (mAb's) were obtained from commercfeU sources: CALIA 
(CD10), Leu-12 (CD19) and HPCA-2-FITC (CD34) from Becton Dickinson. H^eiberg. Gemiany; IOM41-FITC (CD41) 

30 and glycophwin A-FITC from Inrnmotech, Marsafle, France. 

Several monociofml antbodies with spedf tctty for the extracelUilar domaki of HER-2 prot^ were raised by inmi- 
nizing Baft>/c nwe by siijsequent irqections of NIH/3T3 c^ transfected with the human protoonco(^ne HER-2. Fwd- 
ley et ai.. Cancer Research 50:1550, 19OT. towmmizalion and fusion protocols were carried out as descried 
Bfflving ef a/., Hybndoma 10:77, 1991. 

35 Monoclonal antaxxJies speciTicaHy recognizing the transfectart ceQ line but not NIH-3T3 ceBs transfected only with 
the expression vector were selected. Specificity was cortfrmed by inc&ect BmwofluorescerKe analysis (FACS) and 
inrnmoprecipitation ol HE R-2 protean. Monoclonal ar^tocxfy 24D2 (^1 ) was sheeted for screening by flow cytonwtric 
analysis t>ecause staining of celte with reagent resulted m optimal signats. McKioctonal antaxxSes 13A1 and 13D1 were 
sheeted for down-regulation expernnents because they showed growtti *ffiNt»tory activity on SKBrZ breast c^cmoma 

40 ceQa 

Ce/is Obtwned from Patients 

rstomrtal per^rfi^ t^ood (PB) c^ls. bcme manow (EM) ceSs. and ImdiOTia samples were drawn from twman 
45 pati^ns. Erythrocytes were analyzed by usir^ 5^1 of ur^ractfonatedheparinizedPBceQs for ea^ Ptateletswere 
obtairred by cdlectiiHI the plasma after settfing of erythrocytes foe 30 mmutes and centrfe^ation at 2,000 rpm. TTw 
rnaity of erythrocyte and platelet popidations were confimrod by labeling ayttrocytes vwth tfw erythrocyte-spedfic 
marka- glycc^jhorin A and the platelets with the platele^6peci^c marto CD41. Analysis in a FACScan flow cytometa- 
revealed that the corresponding popdatois were than 99% glycof^Kxin A and C041 -positive, respective. 
so A mixture of grarujlocytes, morK)cytes. and lynphocytes was obtained 1^ lys^ the erytt^ocytes usmg 0|^^ 
report (Immunotech) accorcSng to the manufKtwer's instructiorre. The tfw-ee fractitTC were analyzed separately 
appropriate gate setting in a cfcal scatter f^t on a FACScan flow cytometer. Prior to analysis, rwrnal mononuclear m 
ceSls and leukenrBC ceDs (from PB) were purified by coOectiiHl the interphase cefls on a F«x^Hypaque gradient 

55 Purificatjon of CD34-positiye Bone Marrow Cells 

CD34-positive bone narrow ceOs were purified on a Ceprate™ LC CD34 aTmity coiumn (C^Pro. Both^, WA). 
Gravity flow separation of approximate 8x10^ monowdear cefls was pertom^ accorcfir^ to the manufactwer's 
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instructk)n& Approximatefy 9x 10^c^ccmtamtng81%af CD34-p^ 

ity was estimated using the CD34-reactive antibody HPCA-2-F1TC (Becton C^ithYson. Keid^beg). 

ImfwnoflvofBScence Staining 

IfTvnunofhK^esc^Ke stan^r^ vas carried otA ussig Cp^iycoerythrtn) PE oor^jgated sheep an$-mo(^ serum. 
Unspec^c btncSf^ to Fc rece(Ac^ was blocked by ^Kuba^ 

man^forlOmsuiteontce. In the r»xt step. ceOs BK3i>ated wi^ the desic^ed an^^ 
washed, and stained using the F(ab')2 fragment of a PE conjugated sheep anthmouse seamn (S^na. Mflnchen, Ger- 
many). BackgrcHjnd staining was r^rfcmned wfth an IgQI amtroi anttxxty (Southern BtotecTrology). C034-posi^ 
c^ vrere tabbed with mAb 24D2 (IgOl) and stained with an ^otype-matct^ goat antNntx^ anybody coi^ugated 
with PE (Soutfi^n BiotectuK^)gy). 

Ftow Cytometrk: Analysis 

Fk)w cytcMnetrk: analysts was p^formed on a FACScan flow cytonie^ 
Ion laser. Cell f iuorescef^e was excited at 488 rnn and tfte r^tyooeaTftvm (PE) senate were detected ttmxi^ a 570 nm 
band pass fSt^. Ten-thousand events were mx^ired and analyzed cm an Amatic 486 PC. 

Results 

HER-2 Protein Expression on Leukemia biasts 

Blasts from infant and £duit patiaits suffering from chronic or acute lettemia w^e analyzed on a flow cytonr^m' 
fof thek c^ surface expression of HER-2 protein. As shown in Table 1 ttra ceSs from 2/15 'a\fw\t and 9/19 acMt patents 
with C-ALL expressed HER-2 proton on their surface. One out of two ALL (CDI^ CD10-), and 3/4 CML-BC s^ty^ 
wHh a C-ALL phaiotype (CD19i- CDIOf), expressed HER-2 proteia No expressk)n of HER-2 protein was obs&ved on 
the blasts from patients with T-ALL (0/3 sanrples from nifant patients and 0/7 samples from bsUM patients). AML (Ot/30). 
CLL (0/5), CML in chronic or accelerated phase (0/5) or in blast crisis (C^-BC) with my^>td cSfferentiatiCHi (Q/aO). 



TABLE 1 



Expresstc^ of HER-2 Protem on Lei^cmia Blasts 


Leukemia Blast 


HER-2 oppression 
Number te««l 


Descrpti<^ 


AML 


0/30 




TAa 


0/10 


3 Inlant Pati^ite 
7AddtPati^ 


C-ALL 


2/15 


Infarrt 


C-ALL 


9/19 


Adult 


Pro-BAU 


1/2 


CD194.CO10- 


CML 


0/5 


Chromc and aocd^ed pttase 


CML-BC-M 


0/30 


myxoid blast crisis 


CML-BC-B 


3/4 


CDIOf B-tynphoUastic btetst crisis 


CLL 


0/5 


CD5+ 



At least 80% of the tested samples were made of leuk^i^ blasts. ^^>noclorYa] ant^xxly 24D2 was used for detoctir^ 
HER-2 protein expression. CeOs were tabbed witti mAb 24D2, stained wi^ a PE-cwiji^ed anti-mouse antiswun, 
and analyzed on a FACScan flow cytonwter. 

HEFt'2 Protein Expression on Normal i-lematopoietfc Cells 

rto exjw^ession of HER-2 prcrtein was detected on periprfreral btood tymprfiocytes. monocytes, granulocytes, erythro- 
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cytee and (Hat^ets. on normal bcmo marrow and on CD34-ertrichdd ncmnaJ bone marrow ceOs. 

5 Dowrvregi^tton d H£F^2 p^ot^ activfty was stuSad ussig cells erf a C>AU. sample obtair^ from a patient bi 
ExEmipte 1. The chosen C-AU.8annple showed me N^tesl level erf HER-2prc^Go^^ 
Exmnple 1. AnSxxftes w^e obtained as descra>ed in Exanpto 1 and antibody-mecSated dowrvrecMa^ 
mated iJsmQ a s6^ mcxSTKa^ of the protocol descrt>ed by BQhring et a/.. Cano^ Res. 53:4424. 1 993. 
Briefly, c^w^e trrciteted m PBS for two hcniTB at 37°C with ertfter a control ariax^ 

10 thramAB13A1 or 13D1.Afl^bk>cklngandwas^wimk:e<x»ldP 

eitt^an IgQI control antaxxJy wi^ 13A1 or 13D1. respecti^^, and stained for flu)rescerice analysis using a tkw 
cytonn^ as descrfoed in Examr^e 1. 

Sasts treated only with the ocmtrol anfixxly and stamed with mAB 13A1 or 13D1 showed ttie same level of HER- 
2 e9(pre6Sion as imtreated cells, bi oxitrast about 90% of the bla^ pre4ncubated wiih mAB 13A1 and 13D1 lost HER- 

15 2 prot^ eoqpression on their surface, vi^e 10% of the celte remained positive for HER-2 proteh enpressioa A pM'ereq- 
uisite of a functioning HER-2 rec^Ttor is its potential to bedown*re^Hated. Thus, the (teta incficatra^Ktt HER-2 protein 
fcxmd on teukem^ ceSs ts a function^ HER-2 receptor. 
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Example 3: HER-2 Proten Exor^sion in Hematopcxeti c Celis Lines 



Expression of HER-2 protein on nc^'mal and leukemic ceO &n^ was measured u^ng anttedies tarred to HER-2 
FM'Otein as descr3>ed on Example 1. Hennatopc^ettcceQ On^ were obtained from cfifferent sources. K562 and H£L (eryth- 
roleitemias), KQ-1, KG-la. HL-60. and 1^7 (myelc^ leukemias). HSB-2, CCRF-CEM, and M(rft-4 (T4ynYrfioblastic 
leuKar^as). Daudt. Reh. and Cess (B-lymptK)blastc^ Imdcemte) mk&b otAained from the American Type Citoe Col- 

25 lectfon (ATCC). The cell Hnes M07-e (megakaryoblasttc teuk^nia). TMM, Na^l. BV-173. CML-T1, SPI-801. and EM- 
2 (derived frcnn CML). and U-266 (myeloma) were f^chased frcxn The German CoQecticm of K^croorgarusms and CeQ 
Cuttures" (DSM). Additionally the fdlowing celts Unes w^e okrf^ned frcmi (fifferent soirees: were UT-7 (erythrcrfeuke- 
mia) (see. Komatsu etai, Cane, Res. 5)1341. 1991), MEG-01 (me^karyobtesfic) (see. Ogura e/a/., Stood 66:1384, 
1985) TF-1 (erythroleukemic) (see. Kitanwra etai., Cefi Physiol. 140323. 1989). MOLM-1 (megakaryoblastic) (see, 

30 Matsuo et al., Human Celt 4261, 1991). DU.528 (myelad) (see. Begley et a/.. Proa Natl. Acad Sd. USA 85:2031, 
1989). OCI/AML-4 (myeloid) (see. Koistinen et al., Leukemia 5:704, 1991 . and KmS (jxe-B-lynifrftoblastoid). 

The results of testing Imiken^ cell tines of various lineages for expression of HER-2 protein is stvMvn in Table 2. 
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1ABLE2 



EXPRESSION OF HER-2 PROTEIN ON DIFFERENT HEMATOPOIETIC CEU LINES 


CeQLhYd 


HER-2 


Qmiacteristks of C^ Ur^ 


Erythrotlastk:^megaka/yobiasiic ceil imes 






oythfttst^tkiAnQgakaryoblaste 


TF-1 




erytftrdeukaTOc teukenrta 


M07-e 




rrts^karyot^astic leukemia 


MEG^I 




me^Karycfatestic \edkema PtH{CMi) 


HEL 




erytftroUasticArnegakaryoblastic IMoarrea 


K562 




erymrobta^ leukeii^ PfvKC^U 


SPI-801 




erymrobtastk: leiic^rea (K562 cterived) Ph+(O^L) 






megakaryobla^ lettemta PtH(CMp 


Myefoid cefUines 


EM-2 




myetoWa^ leukOTraa PMCML) 


KQ-1 




myeloblastic lei^cenrtia 


KQ-1a 




trm^re subline of KQ-1 


HL-60 




myek)b(astk: leukemia 


DU.528 




nryetoblastic leuk^roa (mixed ii^wnotype) 


U937 




myeksbtasttc laiken^a 


OCI/AML^ 




myekiblastk; leukema 




TMM 




B-tymphoWastic leukemia (CD10-) Ph-(CML) 


BV-173 


+ 


B-fymphobtestic (CD10+) PtH{CML) 


NaIm-1 


+ 


B4ymphoblastic leiri^emia (CDia+) Ph+(a4L) 


Daucfi 




B-lymphobtastic leuk^nta 


Reh 




pre B-lymprK3btastic leitemia (CD10+) 


U266 




myxoma 


Km3 




pre B-lymphoWastk; leukemia (CD10+) 


Cess 




C-tymphobtastic leukemia 


T<el Nines 


CML-Tl 




T-lynTF^K3Wastic leukemia PMCML) 


HSB-2 




T-tymphob(astic Imikemta 


CCRF-CEM 




T^lymfrfK)btestK: leukemia 


MoH^ 




T-lymphoWasfc leukemia 



CeSs w^e labeled with mAb 24D2, stained with a PE-cor^ugated anti-mouse antiserum, and arutyzed on a FACScan 
ftow cyton^er. Only the B-fyrr^hoblastk; cet) Bnes BV-173 and Nalm-1 had detectable tev^ of HER-2 proton surface 
^ expres8i<^ Between BV-1 73 and NaIm-1 . BV-173 had a higher expression level. Additkm^ty, BV-1 73 had ceQ surf^ 
expression of EGF-R while Nalm-1 c&i not express EGF-a 
Other embodiments are within the following daims. 
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Ctalms 

1. An eoc vivD-melhod gihMSng proSferafion of a taikenwc cefl derived from a patierrt differing frcwi TOite ly it vt m fa ; 
(eutonia (AIX) cc^rv^ris^ the step of exposing saklceO to a pn^^ato 

5 wh^an said expresses HER-2 pwotaa 

2. The rmUiod of daim 1 . wha-^n sakl teukenvc ceS is of B^ynrphofaia^ ^t^ge. 

3. The method of claim 1. wheron said cell expresses CD19. 

10 

4. The method d daim 1, wher^ sakj cell represses CDIO. 

5. The rraftfKxi of daim 1 . wh^ein eaki cell expresses CO10 and C019. 

IS 6. The method erf daim l,wh^eins£^ cell express^ CD19 but not C010. 

7. The m^hod of daim 1 or 2, wh^^ said anti-HER-2 agent is sheeted from the group consisBng of: H£R-2 inhib- 
rting corrpound. anli-HER-2 nud&c ackj. anti*HEB-2 antibody, and defect HER-2 prc^^ 

20 a An ex vivo-method of treatmg h&nalopcnetic cei^ obtained from a teuk^n^ pattern suffering frtmi acute lymphatk: 
ieitoma (All), said celts containing lei^iemtc cefis expressing HER-2 prot^, comprising the step of fitWk^ out 
said leukerrtic cefls from ncMTnal hematopotettc ceils. 

9. The mett^ of daim 8, wh^^n said method fiters said leitor^ c^ls us^ an antflxxly whid) k^ids HER-2 pro- 
2S tein. 

1 0. An ex vivo-method for deterrrMng whetf^ a patient has leukemk: ceSs or^tr^t?^ from acute lymphatic leutonia 
(ALL), characterized by cetl surface expression of HER-2 (votein. comprising the steps of: 

30 a) providing a HER-2 t»ndmg ag^t to hemapoietic cells contair^ said let^cemic c^ from said patient; and 

b) measuring binding of sakJ ag^ to saki leukemic cells. 

11. The method of daim 10, wherein said bindng agent is an antaxxty which t^ncte HER-2. 

35 12. An ex vivo-method for deterninir^ whether proliferation of a leuken^ ceB bi a pati^ sufferhg frwi acute lym- 
F^iatk: leukemia (ALL) is due to HER-2 protein activity. ccwrfKising the steps of: 

a) exposing said cell removed from said patient to a ceil (»t^iferation inNbrtir^ an^Hint of an anti-HER-2 ag^. 
and 

40 b) measuring the growth of said ceO after exposure to said ag&rt. 

13. The method of daim 12. wherein saki ceS ejipres&es a pdypepticte selected from the groip consistbig of: CDIO 
andCD19. 

45 PatentansprOche 

1 . Ex vrvo-Verfahren zur InhSxtion d^ ProSf eratkm einer LetMrhiezene, cfie aus einem an akuta* lyrrf^iaSsdrer Leuk- 
amie (ALL) leid^en Patients stammt mrt dem Scfuitt die Zefle c^e Proliferalicm ir^ittx^encten M&ige 
&nes Anti-HER-2-Aga^ auszusetzen, wot>^ cfte Zdle HER-2 Protein exprirre^. 

so 

2. Verfah'en nach Anspruch 1 , t>ei d^ die LeukdmiezeQe der B-lyrrphoblastsdi^ Urde a^eh^ 

3. Verfatven nach Ar^spruch 1 , b^ dem die ZeOe C019 exprimiert 
ss 4. VerEahr^ r\ach Anspruch 1 , b& dem die ZeSe CD1 0 exprimiert 

5. V^fahr^ nach Anspruch 1 . bei dem die Zefle CD10 und CD19 exprirra^ 
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6. VerfahrennachAnspnichl.bddemd ZeS CD19, iectochnichtCDIOcKprMert 

7. Verfahr&i Anqxuch 1 oder 2. bei dem das AfTtH-£R-2-Aoens ausgewdHt ts^ 

einer HER-2 int^o^^en Veft^ndmg, etna- Ant>-H£R-2-NuM^is&ire. ^n&n Antl-K£FV2*Am3cflrper und eo^m 
5 deWtoi HER-2-Protan. 

9. Ex vivo-Vafahren zur B^iancSung hamatopoefecher Zetoi. die aus emem an afoiter tynrphafischer LeuhSmie 
(ALL) t^^en Patienten gewom&i wud&i, wobei c&a Zetten Leukamtazdten umSassen. HER-2-Proteai 
exprM^ea vnsi 6&r[\ Sctmtt. Lmikairoez^en aus rK)rn^ian f^tmatopoe&ctoi Zeto frarauszuflm. 

ro 

9. VwfahTOT nach Ar^jruch 8. bei dsm das Verf^ai d^ LaMmiez^&i unter Verwendur^ eines HER-2*l>rot^ 
btnctenden AniiK^rpers hefausfUteri 

10. Ex vfvo-V&fahr^ zxsr Bestimmimg. ob Patient Laicdniazefl^ hat die aus eina- atoiten lynphatischen Leuk- 
IS &nto (ALL) stammen. gekermz^^hnet chirch erne Z^>berfl3chenexpresskm des HEFV-2-Proteb^ ttH 6&\ Schr^- 

ten: 

a) Zi^iabe eines HER-2-bindenden Agms zu hamatopoe^chen Z^en. cfie c£e Leukflmiezel^ aus d^ Pa^- 
^en umfassen; und 

20 

b) Messung d^ Btndur^ des Agens an cfie LmikEMez^en. 

11. Verfahren nach AnspnK:h 10. bei dem das t^ndende Agens ein Antil<5rpef tsX, der HER-2 bindet 

25 1 2. Ex vtvo- Verfahren zur Bestimmung, ob die Proliferation aner Leuk£Mez^ ^es an akut^ lynphatischer Leuk- 
amie (ALL) lekJenden Patienten auf ^e HER-2-Protmn-Aktivitm zurttekzufChrw ist. mit d«i Scfvitlen; 

a) die aus dem Patienten entnonrvnene ZeHe wird einer die Zellpro&feratkKi tnt^erenden Menge e&ies Anli- 
HER-2 Agens ausgesetzt; urxJ 

50 

b) das Wachstum der ZeOe wird gen^ssen. nachdem die ZeOe dem Ag&ts misgesetzt wurda 

13. Verfahren nach Ans(xuch 12. bei dem cSe Zelie ein Potypeptid ax^^ert das ai^^wflhtt ist aus der Qruppe 
besteh^ aus CD10 und CD19. 

ss 

Revwidications 

1 . ProcMd ex vivo poir inhtber ta preparation d'une ceSide l^jc^n^e issue d*ui patient atteii^ de tmic^ree aigud 
tynY^K>bla6tique (LAL). comprertant r^tape ccmsistant d expose l^e cellule & une quantity mh3>ant la proGf6ra* 

40 tion d^un agent anti -HER-2. dans lec^ tadite cellule exf^mie la prot^e HER-2. 

2. Proc6d6 selon la revendcatbn 1 . dars lec^ l^e c^Me leuc^n^e appart^ & ta 6gn^ B-tynphcblastiqua 

3. Proc6d6 selon la revencScation 1 . dans lec^ ladite ceRule exprinte CD19. 

45 

4. Proc6d6 selon la reverx£catk^ 1 , dans lequel )m£Xe c^Me exprin^ CD10. 

5. Proc6d6 sekin la revencScation 1 , dans leqi^ ladite cefMe ex(»in>e C01 0 et C01 9. 

so 6. Proc6dd selon la revencficatkxi l.dans lec^ lacfite c^eexprime CD19m^pasCD10. 

7. Proc6d6 selon ta revendication 1 ou 2, dans lequel lecfit agent anti-HER-2 est choisi dans le groupe constitu6 (Tun 
conpos6 tnhbant HER-2, rfim acicte nudfeique anti-HER-2, tfun anticorps anti-HER-2. ^ <fme prottoe HER-2 
d6fectuei^. 

55 

a Proc6d6 ex vivo pour traiter des cellules h6matopcrf61k^ues obt«nies chez im patient teuc^mk^e atteint de leuc^ 
m aigud lymphoblastique (LAL). lesdites ceMes cont^iant des cetlules Imic^nac^es expnmant la prot^e HER- 
2. oomfxenant r6tape consistant d s^parer par filtration lesdites ceOuIes Ieuc6miques <tes ceOules h6matopc«6fi- 
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ques normales. 

9. Procdd4 sefon la rev^xScation 8. daxxs tequel loiit proc6d6 fitre lesdtes cetkiies l^cdniqMes au moyen cfun anti- 
cc^ qui se lie b F^c^^ KER-2. 

10. Proced6 ex wvo pour (terminer si un patient poss^de 6qs ceitules Ieuc6niic|ues prov^uuTt<fuie teuc6mi8 ai^id 
lymptKibt^tkpie (LAL). car^rt^ts^ par Texpresskxi & ta surf^e ce&des cte ki pra^dcne HER-2. conyfeamnt 
les 6tE^)es cctftscdant k : 

a) fournrr m e^ent de Haistm & HER-2. k des ceSules hSmatopoT^kfues cortt^iant tesdHes c^tuies (eiK^fre- 

dudit pati^il; at 

b) mesura' la \taison dudit ^ent auxsfites cefM^ letK^^miqiies. 

11. Proc^d aefon la revenc&:ati^ 10. dais lequel ledS ag&ttda iaison est im ^rtiCOTps qi^ ae ia d 

12. Proc6d4 ex vivo pour d^em^w &i la pro&f6ra1ion d\me celMe ^ic^rvque chez 101 patient attektt de teuc^nie 
aigud tyn^)^K)Uastique est causae par t'activitd cte ta prot^e HER-2. compr^mut les 6tapes oon^stant k : 

a) exposer t^ite c^ule re€r6e cbxiit patient k una quantrt6 trtf^)ant la protif^mtion ceflulaire &vn ^em ar^ 
HER-2, et 

b) mesLQ-er la croissancede teKfite ce&de a^^-ds a3qx>SftiOT auc^ agent 

13. ProcM6 sefon la rev^ication 12. darts lequet l^e c^e exprtnw un potypep^e chc^ dans le grcHjpe ccmstt- 
tudde CDlOetde CD19. 
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